Comparable Models
It is incredible to think that for thousands of years skin expansion has been occurring. It was so natural that we overlooked what was taking place. The simplest example would be when the uterus in the female extends during pregnancy, the overlying abdomen will expand three and four times that of its original state.
The same is true at puberty when a young woman develops breast tissue. The overlying skin conforms to the expansion of the underlying breast tissue. Later, during pregnancy, the breast volume increases several times and the overlying skin again accommodates it. This is not just a stretching of the skin, but actually a creation of new cells. Skin thickness is maintained as well as its appendages. If we go a step further and look at some of the rituals of those who have used metal rings to distend the lips and ears as well as other devices that have been used to produce specific shapes to the neck and head, we see the ability of the skin and its underlying tissues to adapt to slow, continued pressure expansion. Both the physiological changes of development in pregnancy and the ritualistic skin expansion have been with us for thousands of years, but the principle has been overlooked by the medical profession until recently.
Principles of Expansion
Tissue expansion is the slow expanding of healthy tissue adjacent to a defect through the use of a surgically implanted balloon-like bag. The balloon, a silicone derivative, is placed under the skin and usually above the fascia adjacent to the defect or planned reconstruction. It is expanded by injection of sterile saline into a special valve. This takes several weeks.
Initially, the skin begins to stretch, but once under tension, new cell growth actually occurs. We are not just expanding, but creating new tissue.
Depending on the location and amount of tissue needed for reconstruction, the size of the expanding device as well as the number of expanding devices is selected and positioned during the first surgical procedure. This new tissue growth over the expander is used for reconstruction, thereby eliminating the need for flaps or grafts and their inherent risk of failure. This is not a matter of just stretching tissue, but the actual formation of new tissue that has all the attributes of the original tissues.
Advantages of Skin Expansion 1. Skin expansion allows us to treat wounds and undertake reconstructive procedures that were impossible to treat before. 2. Skin expansion often requires one major surgical procedure where older techniques would require multiple procedures. 3. Skin expansion takes advantage of the adjacent tissue and provides all the same characteristics of skin color, thickness, and appendages (hair growth). 4. There is no secondary defect elsewhere in the body which occurs when one takes either a graft or flap. 5. The surgical risk is minimal. 6. Complications are minimal. 7. Cost savings can be as much as 50% over multiple flap or grafting procedures. 8. It is tolerated well by patients. 9. It is applicable in almost every area of the body. 10. It can be placed prior to the ablative or reconstructive procedure so that the additional skin will be available at the time of excision to allow reconstruction to be completed. 11. It can be repeated; that is, the tissue can be reexpanded a second time if need be. 12. The occasional problem that does arise has proved to be less severe and usually does not require hospitalization, in comparison to the more extensive complications associated with flaps and grafts.
The American Journal of Cosmetic Surgery Vol. 4, No.4, 1987 Surgical Procedure Expanders come in all different sizes and shapes (round, elliptical, rectangular, etc.) ( Figure 1 ). Expanders also come in different volumes, from just a few to several thousand cubic centimeters. Expanders can be used individually or multiple units can be used together. The procedure, including the selection of the appropriate expander and its placement to achieve the needed expansion, requires planning and experience.
Once the expander or expanders have been selected, their insertion, depending on the patient's health, size, and location of the defect, will determine whether this should be done under local anesthesia, as an outpatient, or whether a general anesthetic would be necessary. For defects in the head and neck area, local anesthesia is often applicable. Also, the extremities lend themselves to block anesthesia.
More than half the cases can be done as day surgery, with outpatient procedures. The others may require one night's stay in the hospital following general anesthesia and placement of the expander.
The expander is self-sealing, and the entire mechanism lies below the surface of the skin. There are two basic types: one in which the valve is attached by a stem of varying length to the expander. This type of expander and filling valve has several advantages. These include decreased risk of perforating the expanding implant, since the valve is away from the implant itself. This also permits placement of the injection site in an area away from the reconstruction or defect.
The second type of implant is a single unit in which the filling valve is inherent with the expanding balloon. These have been favored for breast reconstruction, but care must be taken in placing the needle during the expansion so that the balloon portion is not inadvertently perforated. Preference and use varies from surgeon to surgeon, depending on the location and planned reconstruction procedure.
Filling Procedure Inflation of the expander can take from 2 to 10 weeks. Most require only 4 to 6 weeks. Depending on the skin's elasticity Figure 1 . Tissue expanders come in many sizes and shapes. Some have valves (as depicted) at a distance from the expander. Others have filling valves which are integrated with the expander itself at the site, filling may occur either weekly or biweekly. Originally the patient had to come to the office to have this done. During the past year , I have prepared the necessary implements and taught either the patient or a member of the family to do the expansion at home. This is a relatively simple procedure and not painful. There are many at home who, either alone or with the help of a family member , give themselves daily injections (e.g ., diabetics with insulin) and then are followed at intervals by their physician. The same can be done with the expansion. This reduces the number of office visits. I have many patients who come from significant distances . I have sent instruction sheets to their local physician who has monitored the expansion. Then the patient returns for the surgery. The filling valve is marked with an indelible ink, or a nylon suture is placed directly over it. This identifies the point at which the filling is to take place. This procedure has worked very well.
Those who live locally usually prefer to come to the office for the filling procedure. We have made arrangements so this can be done over their lunch hour or at the end of the day so that they may continue working or attending school.
Measurements are made weekly and recorded until the desired expansion is obtained. The patient is then scheduled for the reconstructive procedure. The expanded balloon is deflated and removed. The lesion or defect is excised . The expanded skin is used for the reconstruction of the defect. Many of these operations can be accomplished as day surgery outpatient procedures. The more complex procedures only require 2 or 3 days of hospitalization in comparison to the extensive stays of weeks to months for cross-leg flaps, arm-to-torso flaps, and skin grafts.
Tissue Expansion-Breast Reconstruction
One of the first uses for the tissue expander was in breast reconstruction following radical mastectomy. Many advances have occurred since it was first used.
Most recently, the tissue expander has been placed under the flaps at the completion of the radical mastectomy. It is not inflated. Approximately 4 to 6 weeks later , after the wound is healed, inflation is then begun. This has worked well and has provided both the physical reconstructive breast mound as well as the psychological security and stability for the mastectomy patient. Traditionally, once the tissue is expanded, the balloon is removed and a breast prosthesis is placed under the expanded skin ( Figure 2) .
Recently, an expander was developed with a double valve. Once the breast mound is created, the valve is removed under local anesthesia through a small incision . When this occurs, the secondary valve automatically closes . The tissue expander now becomes the prosthesis. This eliminates the replacement procedure. In other words, the Silastic expanding balloon , once expanded, is also the final prosthetic breast replacement.
The procedure is also applicable to those who have undergone mastectomy years ago and now wish reconstruction. Results have been very satisfying with this form of breast reconstruction. This often eliminates the need for traditional flaps and grafts, which sometimes provide an unaesthetic color and texture match, as well as the inevitable donor-site scars. In some cases, flap reliability may be a significant problem. Tissue expansion offers the potential for reducing the risk and technical complexity of flap procedures and for increased reliability. Since the expanded tissue is derived from immediate, contiguous areas, the color, texture, and sensation are preserved. For these reasons, tissue expansion offers an attractive alternative to traditional techniques of breast reconstruction.
The expander also lends itself to reconstruction of other defects of the anterior chest wall and the back where additional tissue is needed to close defects in these areas. This includes traumatic losses, radiation necrosis defects, and large defects resulting from excisions of both benign and malignant lesions. Tissue expansion offers an attractive alternative to flaps or grafts in a variety of clinical situations involving the breasts, anterior chest wall, and the back.
Tissue Expansion-Scalp
The head and neck area lends itself very well to tissue expansion. Portions of the scalp lost through industrial or motor vehicle accidents can now be corrected. In the past , the only treatment available was to place a skin graft and accept the disfiguring hair loss. Today, an expander can be placed on each side of the scalp. The uninvolved scalp is expanded 2 to 3 times its normal size. The defect is covered with normal hair-bearing scalp (Figures 3-6) .
Recently, this technique was used to correct the male balding pattern. The male usually loses the central one-third, but maintains a thick hair growth in the lateral posterior aspect of the scalp. The lateral scalp is expanded , the central area excised , and the expanded hair-bearing tissue used to close the central defect. This provides a full head of hair. The expander is useful in both traumatic and cosmetic scalp defects.
Tissue Expansion-Head and Neck
There are innumerable uses for reconstruction postexcision of carcinomas of the head and neck in which the expander can be placed in such a manner as to create enough tissue to close the defect and have the same color , contour , and beard or hair growth for the male as preexisted. In many cases , the need for rotation flaps, skin grafts , and their secondary donor defects is minimized or eliminated by using the expander. In addition , the morbidity and mortality associated with grafts and flaps are eliminatedwhen a skin expander is used for the reconstruction (Figures 7 and 8) .
The expander can also be utilized for previously unexcisable defects such as nevi and hemangiomas.
Tissue Expansion-Upper Extremity (Tattoo Removal)
The upper extremity lends itself well to reconstruction with the expander. The expander provides the additional tissue needed to cover open traumatic defects as well as tissue coverage for contracted areas secondary to bums . It is also used to remove disfiguring scars , tattoos , and birthmarks of the upper extremities.
The incisionis placed adjacent to the defect to be corrected, but in such a manner as not to interfere with the planned reconstruction, and preferably at right angles to the force ofexpansion. It is placed in undamaged tissue where possible. When it is feasible, two implants should be used on extremity cases, one implant being placed on either side of the defect. The subcutaneous pockets for the implants should be slightly larger than the implants and designed to lie below undamaged tissue in juxtaposition to the defect. This will allow the expanders to lie flat, which prevents rotation or buckling of the implant and reduces the chance of implant exposure. The remote filling valve is located in uninjured tissue away from the expander to prevent encroachment of the distending expander bag over the valve, which might result in puncture of the expander during filling. The filling valve should just fit its pocket to prevent migration, twisting, or overturning of the valve (Figure 9 ).
The expanded flaps on each side of the extremity should approximate the length of the defect and have a total expanded volume 2 to 3 times the width of the defect being corrected.
Tissue expansion in the upper extremity averages 6 to 8 weeks , depending on location and size of the defect and the age and elasticity of the skin (Figure 10 ).
Tissue Expansion-Lower Extremity
The expander is well suited for correcting defects in the lower extremities. In the mid and lower one-third of the leg, especially in the pretibial area, there is little or no tissue available for coverage of even small defects. This area is particularly prone to motor vehicle, motorcycle, industrial, and sports injuries. The American Journal of Cosmetic Surgery Vol. 4, No.4, 1987 Figure 9. Tattoo removal from deltoid area by placement of lOO-cc expander. Tattoo completely excised with straightline closure. Entire procedure with local anesthesia only.
In the past, because of the lack of local tissue in the lower leg, cross-leg flaps, skin grafts, and other types of tissue transfers were required. These all had considerable risks and prolonged hospitalizations. Now, an expander is placed on the medial or lateral side of the leg or in the posterior calf and the expanded skin used to close defects of the lower leg which were difficult, if not almost impossible, to correct before.
Expansion of tissue in the lower extremity is most efficaciously and safely undertaken by locating the expanders in pockets on the medial and lateral aspects rather than in the cephalocaudal directions ( Figure 11) .
Expansion in the distal lower extremity usually proceeds a little slower because concomitant edema and circulatory embarrassment may complicate the procedure if the filling proceeds too rapidly. This is easily avoided if a more conservative, slow expansion is undertaken. In addition, the expander is not filled to tissue tolerance as with most other areas. Instead, the overlying skin should remain pliable (not tense) to palpation. The skin should blanch with pressure, but refill should be almost immediate.
Some edema of the dorsal aspect of the foot often still occurs. This is helped by providing continuous, even pressure over the entire lower extremity with a gently wrapped pressure bandage. It must go from the toes to the thighs to be effective. Of course, the leg should be elevated as much as possible during the filling stage (Figure 12 ).
Summary
In summary, a new modality has become available to the surgeon which can actually create additional skin that maintains The American Journal of Cosmetic Surgery Vol. 4, No.4, 1987 all the characteristics of the skin in the area. The newly expanded skin has sensation, color, texture, and hair follicles, as well as the ability to secrete oil and remain soft and pliable. The surgical procedure in many cases eliminates the use of skin flaps or grafts that create secondary defects (areas from which the skin grafts or flaps are taken).
The procedure is safe, can often be accomplished on an outpatient basis, and may be done under local or general anesthesia, depending on the area involved and the condition of the patient.
